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Partial English translation of JP-A-2002 -219481 (Ref .8) 
(page 2, left column, lines 1 to 50) 
[Title] 

Equipment for controlling a concentration of dissolved 
oxygen in an aerating tank 

[Claims] 

1. Equipment for controlling the concentration of 
dissolved oxygen in an aerating tank for treating 
wastewater, including an oxygen feeding pipe, a raw water 
feeding pipe, a return sludge receiving pipe, an air 
exhausting pipe, and a pipe for discharging treated water 
and sludge into a settling tank, comprising: 

a flowmeter of raw water for measuring the flow rate 
of raw water fed in the aeration tank, and a flow rate 
control valve of raw water; 

a flowmeter of return sludge for measuring the flow 
rate of the sludge returned from the settling tank; 

a dissolved oxygen analyzer for measuring the 
dissolved oxygen concentration in the aerating tank; 

a pressure sensor for measuring the inner pressure of 
the aerating tank; 

a pressure control valve and a pressure controller 
provided to the air exhausting pipe of the aerating pipe in 
order to control the inner pressure of the aerating tank; 

an oxygen feed rate control valve for controlling 
oxygen rate fed to the aerating tank; 

an oxygen feed rate measuring instrument disposed at 
the immediate vicinity of the oxygen feed rate control 
valve of the oxygen feeding pipe; 

a neural net optimizer for predicting the 
concentration of dissolved oxygen over the long term based 
on predetermined input process data and calculating the 
target value of the concentration of dissolved oxygen; 

a short term predictive PID controller for 
calculating the oxygen rate to be fed based on the measured 
result of the dissolved oxygen analyzer and the target 
value of the concentration of dissolved oxygen calculated 
by the neural net optimizer; and 

an oxygen feed rate controller for controlling the 
oxygen feed rate control valve based the measured result of 
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the oxygen feed rate measuring instrument and the oxygen 
rate to be fed indicated by the short term predictive PID 
controller. 

2. The equipment for controlling the concentration of 
dissolved oxygen in an aerating tank according to claim 1, 
wherein as a prediction model of the short term predictive 
PID controller, a discrete linear model is used, in which 
the dynamic characteristics of the dissolved oxygen 
concentration with respect to the oxygen feed rate and 
noises are considered. 

3. The equipment for controlling the concentration of 
dissolved oxygen in an aerating tank according to anyone of 
claims 1 to 3, wherein as the process data, at least one 
kinds of data selected from a group composed of the 
temperature, the flow rate, the hydrogen ion concentration 
(pH) , the chemical oxygen demand (COD) , the biochemical 
oxygen demand (BOD) , and the suspended solids (SS) of the 
raw water, and the temperature, the pressure, and the 
dissolved oxygen concentration of the aeration tank, the 
mixed liquor suspended solids (MLSS) in the tank, and the 
mixed liquor volatile suspended solids in the tank, are 
used . 

4 . A method for controlling the concentration of 
dissolved oxygen in an aerating tank using the equipment 
for controlling the concentration of dissolved oxygen 
according to anyone of claims 1 to 3 . 

5. The method for controlling the concentration of 
dissolved oxygen in an aerating tank according to claim 3, 
wherein as oxygen to be fed, oxygen having purity being 
equal to or greater than 50% is used. 
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Abstract of JP2002219481 
PROBLEM TO BE SOLVED: To provide 
equipment for controlling an aerating tank 
which can stabilize the concentration of 
dissolved oxygen in the aerating tank to 
provide stable treatment performance even if 
the quality of inflowing water changes, and a 
method for controlling the dissolved oxygen in 
the aerating tank using this equipment. 
SOLUTION: This equipment for controlling the 
concentration of dissolved oxygen in the 
aerating tank for treating wastewater includes 
a flowmeter and control valve for the raw water 
fed to the aerating tank, a return sludge 
flowmeter, a dissolved oxygen analyzer, a 
pressure sensor for the pressure in the 
aerating tank, a pressure control valve and 
pressure controller, an oxygen feed rate 
control valve and measuring instrument, a 
neural net optimizer for predicting the 
concentration of dissolved oxygen over the 
long term based on input process data and 
calculating the target value, a short term 
predictive PID controller for the concentration 
of the dissolved oxygen, and an oxygen feed 
rate controller. 
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* * NOTICES* 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The control unit which is a control unit of the dissolved oxygen concentration of 
the aerator equipped with oxygen supply piping, a raw water charging line, a returned sludge 
unloading and filling pipe, an exhaust pipe arrangement, and discharge piping to the setting 
tank of treated water and sludge for waste water treatment (4), and comes to have the 
following instruments. 

a) The raw water flowmeter (1) and raw water flow control valve (2) which measure the flow 
rate of the raw water supplied to an aerator 

b) The returned sludge flowmeter which measures the sludge flow rate returned from a 
setting tank (3) 

c) The dissolved oxygen concentration meter which measures the dissolved oxygen 
concentration in an aerator (5) 

d) The pressure sensor which measures the internal pressure of an aerator (6) 

e) The pressure regulating valve (7) and pressure-control automatic controller (12) which 
were prepared in the exhaust pipe arrangement of an aerator in order to adjust the internal 
pressure of an aerator 

f) The oxygen supply control valve which adjusts the amount of oxygen supplied to an 
aerator (9) 

g) The oxygen supply measuring instrument installed in the latest of the oxygen supply 
control valve (9) of oxygen supply piping (8) 

h) The neural network optimizer which performs long-term prediction of dissolved oxygen 
concentration, and computes the desired value of dissolved oxygen concentration by 
inputting the process data defined beforehand (13) 

i) PID-control equipment with a short-term forecast function which computes the amount of 
oxygen which should be supplied based on the desired value of the dissolved oxygen 
concentration which the measurement result and neural network optimizer of a dissolved 
oxygen densimeter computed (11) 

j) The oxygen supply automatic controller which adjusts an oxygen supply control valve (9) 
based on the measurement result of an oxygen supply measuring instrument (8), and the 
amount of oxygen which PID-control equipment with a short-term forecast function (1 1) 
directed, and which should be supplied (10) 

[Claim 2] The control device of the dissolved oxygen concentration of the aerator according 
to claim 1 using the discrete linear model which took the dynamic characteristics and the 
noise of the dissolved oxygen concentration to an oxygen supply into consideration as a 
predictive model of PID-control equipment with a short-term forecast function. 
[Claim 3] The control unit of the dissolved oxygen concentration of an aerator given in any 1 
term of claims 1-3 which use at least one or more sorts of data chosen from the group 
which consists of the temperature of the temperature of raw water, a flow rate, hydrogen ion 
concentration (pH), chemical oxygen demand (COD), biochemical oxygen demand (BODS), a 
suspended solid (SS), and an aerator, a pressure, dissolved oxygen concentration, a mixed 
liquor suspended solid (MLSS) in a tub, and a mixed liquor volatility suspended solid (MLVSS) 
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in a tub as a process data. 

[Claim 4] The dissolved-oxygen-concentration control approach of the aerator using a 
dissolved-oxygen-concentration control unit given in any 1 term of claims 1-3. 
[Claim 5] The control approach of the dissolved oxygen concentration of the aerator 
according to claim 3 using oxygen of 50% or more of purity as oxygen to supply. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the control unit and the control approach of 
dissolved oxygen concentration in the aerator of an activated sludge process used in a 
comprehensive waste-water-treatment place, sewage disposal plants, etc., such as a 
chemical plant. 
[0002] 

[Description of the Prior Art] After setting in the waste-water-treatment process by the 
activated sludge process, oxidizing and disassembling the organic substance in an aerator 
and condensing sludge if needed, the method of sedimenting in a settling basin and obtaining 
treated water is common. Processing of heavy load wastewater of a chemical plant etc. has 
especially many examples which use the aerator of closed mold. 

[0003] In this processing, the oxygen supply to an aerator usually measures the flow rate of 
the raw water supplied from the pretreatment facility from a raw water neutralization tank, 
the first setting tank, etc., it adjusts an oxygen supply so that the pressure in an aerator may 
become fixed based on this, by stirring within a tub, dissolves oxygen underwater and is 
performed underwater. Moreover, adjustment to proper within the limits of the amount of 
oxygen in an aerator is performed by adjusting the exhaust valve of an exhaust pipe 
arrangement and discharging exhaust gas out of a system according to the oxygen density of 
the gaseous-phase section in an aerator. 

[0004] however — if such oxygen supply is adjusted based on the internal pressure and the 
oxygen density of an aerator — " — aerator gaseous-phase section oxygen density fall -> 
aerator pressure regulating valve open -> — the cycle of oxygen density rise -> aerator 
pressure regulating valve close -> tub internal pressure rise -> oxygen supply control valve 
close -> oxygen density fall" will be repeated in a tub internal pressure fall -> oxygen supply 
control valve open -> oxygen supply -> tub, and control is not stabilized, therefore the 
dissolved oxygen concentration in an aerator is not stabilized. Moreover, since the water 
quality of the raw water supplied was disregarded, processing results were also unstable. 
[0005] 

[Problem(s) to be Solved by the Invention] The control unit of the aerator which can give the 
processing results stabilized even if it could stabilize the dissolved oxygen concentration in 
an aerator, therefore the quality of influent changed, and offer of the control approach of the 
dissolved oxygen concentration of the aerator using this. 
[0006] 

[Means for Solving the Problem] The summary of this invention is the control unit of the 
dissolved oxygen concentration of the aerator equipped with oxygen supply piping, a raw 
water charging line, a returned sludge unloading and filling pipe, an exhaust pipe arrangement, 
and discharge piping to the setting tank of treated water and sludge for waste water 
treatment (4), and consists in the control unit which comes to have the following 
instruments. 

[0007] a) The raw water flowmeter (1) and raw water flow control valve (2) which measure 
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the flow rate of the raw water supplied to an aerator 

b) The returned sludge flowmeter which measures the sludge flow rate returned from a 
setting tank (3) 

c) The dissolved oxygen concentration meter which measures the dissolved oxygen 
concentration in an aerator (5) 

d) The pressure sensor which measures the internal pressure of an aerator (6) 

e) The pressure regulating valve (7) and pressure-control automatic controller (12) which 
were prepared in the exhaust pipe arrangement of an aerator in order to adjust the internal 
pressure of an aerator 

f) The oxygen supply control valve which adjusts the amount of oxygen supplied to an 
aerator (9) 

g) The oxygen supply measuring instrument installed in the latest of the oxygen supply 
control valve (9) of oxygen supply piping (8) 

h) The neural network optimizer which performs long-term prediction of dissolved oxygen 
concentration, and computes the desired value of dissolved oxygen concentration by 
inputting the process data defined beforehand (13) 

i) PID-control equipment with a short-term forecast function which computes the amount of 
oxygen which should be supplied based on the desired value of the dissolved oxygen 
concentration which the measurement result and neural network optimizer of a dissolved 
oxygen densimeter computed (1 1) 

j) The oxygen supply automatic controller which adjusts an oxygen supply control valve (9) 
based on the measurement result of an oxygen supply measuring instrument (8), and the 
amount of oxygen which PID-control equipment with a short-term forecast function (1 1) 
directed, and which should be supplied (10) 

[0008] The summary of this invention moreover, as a predictive model of PID-control 
equipment with* a short-term forecast function It consists also in the control device of the 
dissolved oxygen concentration of the above-mentioned aerator using the discrete linear 
model which took the dynamic characteristics and the noise of the dissolved oxygen 
concentration to an oxygen supply into consideration. As a process data The temperature of 
raw water, a flow rate, hydrogen ion concentration (pH), chemical oxygen demand (COD), 
Biochemical oxygen demand (BOD5), a suspended solid (SS) t the temperature of an aerator, 
It consists also in the control unit of the dissolved oxygen concentration of the 
aforementioned aerator which uses at least one or more sorts of data chosen from the group 
which consists of a pressure, dissolved oxygen concentration, a mixed liquor suspended solid 
(MLSS) in a tub, and a mixed liquor volatility suspended solid (MLVSS) in a tub. 
[0009] Another summary of this invention consists also in the control approach of the 
dissolved oxygen concentration of the aerator using the dissolved-oxygen-concentration 
control unit described above, and the control approach of the dissolved oxygen 
concentration of the aforementioned aerator using oxygen of 50% or more of purity as oxygen 
to supply. 
[0010] 

[Embodiment of the Invention] Hereafter, this invention is further explained to a detail. The 
control unit of this invention computes the amount of need oxygen in an aerator, using the 
target dissolved oxygen concentration of the aerator for which it asked by long-term several 
variables and nonlinear prediction optimization count as desired value of short-term linear- 
prediction control, adjusts the amount of supply of oxygen based on this, and it performs the 
water treatment stabilized even if the time fluctuation for which it comes from an unsteady 
fluctuation factor and an unsteady process disturbance arose, preventing superfluous supply 
of oxygen by using this. 

[001 1] The neural network optimizer used for the control device of this invention makes the 
relation between the process data at the time of the past operation, and dissolved oxygen 
concentration learn beforehand, computes the desired value of the dissolved oxygen 
concentration which can optimize the cost function relevant to an oxygen demand, the 
amount of waste water treatment, wastewater water quality, etc. from the process data 
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under operation based on this, and outputs this to PID-control equipment with a short-term 
forecast function (Predictive PID Controller). It is desirable to use at least one or more sorts 
of data chosen from the group which consists of the temperature of the temperature of raw 
water, a flow rate, hydrogen ion concentration (pH), chemical oxygen demand (COD), 
biochemical oxygen demand (BOD5), a suspended solid (SS) t and an aerator, a pressure, 
dissolved oxygen concentration, a mixed liquor suspended solid (MLSS) in a tub, and a mixed 
liquor volatility suspended solid (MLVSS) in a tub as a process data which is the variable 
which should be inputted in the neural network optimizer of the equipment of this invention 
here. These data are good to input beforehand the constraint value of each upper limit and 
minimum collectively. 

[0012] in addition, these process datas — a conventional method — or JIS K It can measure 
based on the 0102nd grade. Moreover, it is suitable to measure the wastewater from each 
plant for a flow rate, pH, COD, etc. according to an individual, for example in the facility 
which processes the wastewater from two or more plants like an intensive waste-water- 
treatment facility of a chemical plant. The process data which should be inputted is not 
restricted to the above-mentioned thing. 

[0013] The thing of three layered structures which has an input layer, an interlayer, and an 
output layer is suitable for the neural network optimizer used for the equipment of this 
invention. If a hierarchy cannot treat a non-linear model on two hierarchies but it becomes 
four or more layered structures on the other hand, it will become complicated too much and 
will become the inclination for "training" of a model to take time amount too much, and for 
practicality to fall. 

[0014] Moreover, in the equipment of this invention, the desired value of the dissolved 
oxygen concentration which can optimize cost can be given to PID-control equipment with a 
short-term forecast function in consideration of constraint and the cost function of the 
bound of each variable from the above mentioned various process datas by the neural 
network optimizer by predicting the long-term response of one - five-day after etc. of 
dissolved oxygen concentration. 

[0015] The PID-control equipment with a short-term forecast function used for this 
invention gives a short-term model prediction function to usual PID-control equipment. 
Specifically, future transition of dissolved oxygen concentration is calculated using the linear 
model of a controlled system using the set point of the performance data which shows the 
relation of past dissolved oxygen concentration and desired value, and an oxygen supply. It is 
desirable to use the discrete linear model (ARIMAX model) which took the dynamic 
characteristics and the noise of the dissolved oxygen concentration to an oxygen supply into 
consideration as a linear model of a controlled system. In addition, an ARIMAX model is a 
"Auto Regressive Integrated Mov-ing Average eXogenous model" (autoregression integral 
moving-average exogenous-variable model). 

[0016] In the equipment of this invention, the desired value of the dissolved oxygen 
concentration directed by the forecast of dissolved oxygen concentration at least 3-8 
hours after and the above-mentioned neural network optimizer predicted by such PID- 
control equipment with a short-term forecast function using the signal and the above- 
mentioned linear model which were taken in from the dissolved oxygen densimeter is 
compared, and dissolved oxygen concentration is controlled by adjusting the amount of 
supply of oxygen so that the deflection may become small. 

[0017] Since the statistical model which can approximate the dynamic characteristics of the 
dissolved oxygen concentration which is a controlled system can be made to build in this 
PID-control equipment with a short-term forecast function, good controllability ability is 
shown also to the process which the dead time browning-izes for a long time, the process 
that the time constant of a controlled system is long, etc. Moreover, it becomes possible by 
taking a noise model into consideration to maintain good controllability ability, without 
adjusting the parameter value of a model also to a process disturbance. 
[0018] In addition, the dissolved oxygen concentration meter which emits the signal of 
dissolved oxygen concentration to this PID-control equipment with a short-term forecast 
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function is desirable when installing near the outlet sludge and treated water flow out of an 
aerator grasps an actual processing situation exactly, this invention approach controls the 
dissolved oxygen concentration of the aerator of closed mold preferably as mentioned above 
using an above-mentioned control unit. 

[0019] The amount of supply of oxygen can be performed by changing automatically the flow 
rate set point of an oxygen supply automatic controller, measuring the flow rate of the set 
point and oxygen supply detector, and controlling an oxygen supply control valve by the 
output of above PID-control equipment with a short-term forecast function. In addition, as 
for the oxygen used in the approach of this invention, what has high purity is desirable from 
processing effectiveness and the point of the responsibility of control. 95% or more of thing is 
still more preferably suitable [ 50% or more of oxygen contents ] as the purity 90% or more 
more preferably 70% or more. As an aerator which applies the control unit and the control 
approach of this invention, the aerator of the point of an efficient activity of the oxygen to 
supply to closed mold is suitable. 
[0020] 

[Example] Hereafter, although the mode of operation of this invention is explained more to a 
detail using an example, this invention is not limited by the example unless the summary is 
exceeded. The raw water flowmeter (1) with which drawing 1 measures the aerator (4) of 
closed mold, and the flow rate of the raw water with which it flows into this, and its flow 
control valve (2), The returned sludge flowmeter which measures the flow rate of the sludge 
returned from a setting tank (3), The dissolved oxygen concentration meter (5) which 
measures the dissolved oxygen concentration in an aerator, the pressure sensor which 
measures the internal pressure of an aerator (6), The pressure regulating valve (7) and 
pressure-control automatic controller (12) which were prepared in the exhaust pipe 
arrangement of an aerator, The oxygen supply measuring instrument formed in the latest of 
an oxygen supply control valve (9) and an oxygen supply control valve which adjusts the flow 
rate of the oxygen supplied to an aerator (8), The temperature, the flow rate, hydrogen ion 
concentration (pH), and chemical oxygen demand (COD) of raw water, Biochemical oxygen 
demand (BODS), a suspended solid (SS), the temperature of an aerator, The neural network 
optimizer which computes the desired value of dissolved oxygen concentration based on the 
data of a pressure, dissolved oxygen concentration, the mixed liquor suspended solid (MLSS) 
in a tub, and the mixed liquor volatility suspended solid (MLVSS) in a tub (13), The PID- 
control equipment with a short-term forecast function which computes the amount of 
oxygen which should also supply the dissolved oxygen concentration computed by the 
measurement result and neural network optimizer of a dissolved oxygen densimeter based on 
desired value (1 1), And the dissolved-oxygen-concentration control unit of the aerator which 
consists of an oxygen supply automatic controller which adjusts an oxygen supply control 
valve based on the measurement result of an oxygen supply measuring instrument and the 
amount of oxygen which said PID-control equipment with a prediction function directed is 
shown. 

[0021] The dissolved-oxygen-concentration control approach of the aerator using this 
control unit The measurement result of the dissolved oxygen concentration meter in an 
aerator (5) is taken in to PID-control equipment with a short-term forecast function (1 1). An 
oxygen supply which compares the difference of this and the desired value of the dissolved 
oxygen concentration computed by the neural network optimizer as mentioned above, and is 
close brought by target dissolved oxygen concentration is calculated. While outputting the 
result to an oxygen supply automatic controller (10), operating an oxygen supply control 
valve (9) as compared with the measurement result of an oxygen supply measuring 
instrument (8) and controlling an oxygen supply A pressure regulating valve (7) is 
succeedingly operated by the pressure controller (12) of an aerator, and the gas in an 
aerator (4) is discharged to a predetermined pressure. 
[0022] 

[Effect of the Invention] Since it can become possible to carry out predictor control of the 
dissolved oxygen concentration in an aerator by using the control unit of this invention and 
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dissolved oxygen concentration can be stabilized, the water quality of treated water is also 
stabilized. Moreover, the control made into the cost minimum not only by the above- 
mentioned dynamic control but the neural network optimizer by combining a short-term 
forecast and long-term prediction becomes possible at coincidence. 



[Translation done.] 
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* NOTICES * 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the schematic diagram showing an example of the configuration of the 
control unit of the dissolved oxygen concentration of the aerator of this invention. 
[Description of Notations] 

1 ... Raw water flowmeter 

2 ... Raw water flow control valve 

3 ... Returned sludge flowmeter 

4 ... Aerator 

5 ... Dissolved oxygen concentration meter 

6 ... Pressure sensor 

7 ... Pressure regulating valve 

8 ... Oxygen supply measuring instrument 

9 ... Oxygen supply control valve 

10 ... Oxygen supply automatic controller 

1 1 ... PID-control equipment with a prediction function 

12 ... Pressure-control automatic controller 

13 ... Neural network optimizer 



[Translation done.] 
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